Falls in the elderly -future strategies Falls in old age are a major cause of morbidity and mortality, and they often herald the onset of loss of independence, particularly as the majority of fallers either live alone or with an aged spouse only'. Much work has been done on the natural history of falls, but little is understood about the effects of ageing on the basic neuromuscular mechanisms involved in postural control. Further investigation in this area has the potential to elucidate the complex physiological abnormalities responsible for postural instability in the elderly, and so point towards possible therapeutic and preventive measures. (This topic was the subject of a workshop meeting organized by the charity, Research into Ageing, to identify potential areas of research.)
An understanding of the problems faced in maintaining an upright posture requires a knowledge of the normal mechanisms of postural control. The homeostatic mechanisms involved comprise input, processing, and output functions. The vestibular, proprioceptive and visual systems, constitute the afferent sensory inputs which convey information about the external environment. Internal, anticipatory reflex pathways are also important because they stabilize the subject by activating proximal muscles during specific postural tasks. Processing and integration of this exteroceptive and interoceptive information occurs predominantly at a reflex level and leads to a complex output of postural motor responses to the head, neck and limbs. An important distinction exists between static and dynamic balance mechanisms. Static balance during standing consists of low frequency, predictable movements, whereas dynamic balance, invoked during locomotion and through exposure to environmental hazards, results in higher frequency stimulation of the head and vestibular system. One major clinical assumption is the use of static balance tests such as the Romberg test and its investigative equivalent, platform stabilometry or posturography, to try and evaluate unsteadiness which occurs in most patients during ambulation. The ability to extrapolate from platform testing in the laboratory to the problems patients face in their own environments depends on the validity of this assumption, and while there are obvious flaws in this supposition, there is evidence to suggest that the patterns of postural instability may be similar in both circumstances 2 • Much of the work on postural control has been based on the quantitative measurement of body sway during normal standing using platform stabilometry. The two most common measures of sway performance in current use are the measurement of angular body displacement, and the measurement of the 'centre of foot pressure' with the force plate platform. Because of lack of uniformity in these techniques, it is sometimes difficult to compare the results obtained by different investigators. However there does appear to be an increase in age-related sway, particularly over the age of 45 3 -7 , and sway in elderly fallers as a group tends to be higher', Despite this, standard measures in individual cases have little predictive value because of the inherent variability of sway scores".
Since the work of Nashner", many investigators have studied the behaviour of the stretch reflexes induced in postural muscles by sudden destabilizing platform perturbations. As well as the short latency monosynaptic stretch reflex, there are other reflexes produced at longer latencies, known as the 'long loop' reflexes, which are thought to be important mediators of rapid postural adjustment. These reflexes are subject to modulation from higher centres, and are thought by many to be transcortical reflexes. The timing and sequencing of proximal and distal postural muscle activation also seems important. Age-related changes in the latency, timing and amplitude of these postural muscle responses have all been documented". Coexisting orthopaedic disabilities such as kyphosis or hip disease, are also significant because they will severely impair an individual's ability to use appropriate motor strategies for balance.
Visual interaction with the vestibular and proprioceptive systems in the control of posture has also been widely studied. Normally during quiet standing, vision contributes minimally to sway performance, but has increasing influence as the balancing task becomes more difficult. The illusion of movement produced by an optokinetic stimulus, known as linear vection, typically experienced when sitting in a stationary train next to another train which is starting to move, illustrates the powerful effect that visual cues can have on postural mechanisms. Such effects have been studied in 'moving room experiments' where a false perception of motion produced by a moving visual surround induces an increase in body sway, despite the conflict created with the other sensory systems which do not detect any apparent body motion'", The study of these conflict situations can help to explain some of the natural conflicts which may result in postural instability, especially in the at-risk elderly population. In these experiments, normal subjects usually suppress the inappropriate sway response on repeated exposure. However, in 0141-0768/91/ 040189-031$02.00/0 © 1991
The Royal Society of Medicine conditions such as Parkinson's disease, no such habituation to the stimulus occurs!'. These results may be particularly relevant to the aged population, where misinterpretation of visual information may cause an increase in postural sway. In one study, a significant number of elderly subjects, predominately females, were unable to make use of visual feedback of their body sway when it was plotted on paper in front of them, and some subjects actually became more unsteady under these conditions", Other studies have suggested that, as a group, females have less sensitive visual motion detection mechanisms than males'P, This phenomenon offers a tantalizing explanation for the female preponderance in studies of elderly fallers, and may correlate with other manifestations of visual-vestibular mismatch such as motion sickness and height vertigo, but further studies are needed to explore this relationship.
Reduction in visual acuity or distortion of visual information which sometimes occurs, for example with new spectacles or after cataract extraction, may cause visual disorientation and therefore merits further investigation in the context of postural instability. Little information exists regarding agerelated changes affecting other visual functions, such as contrast sensitivity and motion detection, which may be important determinants of postural control. Reduction in visual performance may also impair the ability to compensate for a peripheral vestibular insult. In addition, the 'multisensory dizziness syndrome', due to a combination of multiple sensory abnormalities such as decreased visual acuity, peripheral neuropathy, cervical spondylosis and vestibular hypofunction, has been identified as a common cause of unsteadiness in the elderly population13.
Cervical spine pathology, common in the elderly, has been considered a potential cause of postural instability. In studies of cervical dizziness and ataxia occurring as a result of cervical spine trauma, common presenting symptoms were said to include dizziness and ataxia, often precipitated by neck extension, and positional vertigo!", A strong correlation was found between the degree of clinical disability and stabilometric measures of body sway, both before and after successful treatment, but interestingly there was a poor correlation with traditional tests of vestibular function such as rotational and caloric testing. Despite the controversy which still exists over this diagnostic entity, there is much evidence to suggest that cervical spine disorders may be associated with a disturbance of equilibrium, though the mechanism is far from clearv'.
Very little experimental work is available on the effects of ageing on the vestibular system, although one study suggested that there was less marked age-related change, compared with the auditory system", In this situation, rotational testing may be a more sensitive measure of vestibular function than the traditionally used caloric test, since age-related changes in the thermal gradient across the temporal bone may affect the results of the caloric test. There is evidence that the ability to compensate for peripheral vestibular deficits diminishes with age'", and that vestibulo-spinal abnormalities, as detected by posturography, are less well compensated for than vestibulo-ocular abnormalities'", However, even when vestibular abnormalities are found on testing, it is often not possible to be certain of their clinical relevance, or indeed their aetiology, in patients complaining of non-specific dizziness and falls. Indeed, numerous general medical disorders may cause similar symptoms.
Vascular disease has been another controversial area in relation to ataxia and falls in the elderly. The relationship between subcortical ischaemic changes, ageing and gait abnormalities such as 'apraxia' has still not been adequately defined in terms of appropriate clinico-pathological correlation. Single or multiple acute brain stem events may manifest as ataxia, but there is no evidence that chronic posterior circulation ischaemia is associated with the development of a progressive ataxic syndrome. Isolated drop attacks in elderly females are often incorrectly attributed to vertebrobasilar ischaemia'", Similarly, cases of vertigo and unsteadiness associated with head turning are often inappropriately ascribed to vertebral artery compression, with resultant brainstem ischaemia. Vertigo may be a presenting feature of vertebrobasilar ischaemia, but it rarely occurs as an isolated phenomenon for long periods-".
Many epidemiological studies have been carried out on populations of elderly fallers-", but there is a need for futher longitudinal studies of postural sway in the general population to try and define parameters which may be of predictive value. There is also a need for more normative age-related data of changes in vestibular function, postural reflexes, and various parameters of visual perception, including motion detection and contrast sensitivity, as well as morphological studies of age-related changes in the peripheral and central vestibular system. Gait analysis has the potential to provide an assessment of dynamic balance mechanisms, and may be particularly relevant, as gait abnormality has been previously reported as a risk factor in studies of fallers'. Any testing paradigm needs to take account of the fact that many elderly subjects are frail and rigorous testing may not be possible. The whole question of the composition of agematched control populations also needs addressing. Should one study 'normal' subjects free of any age-related pathology which might conceivably affect balance, or should one include all subjects as long as they are asymptomatic in terms of postural instability?
Much of the interest in current investigation centres on whether there is one predominant pathological mechanism which causes falls, or whether they are just the manifestation of the summed ageing effects in many motor and sensory systems. Because we do not as yet know the answer to this question, there is no prospect of any specific drug treatment being developed in the near future, and it should be emphasized that many drugs prescribed for. other conditions in the elderly, particularly sedatives, antihypertensives and antidepressants, will often worsen any pre-existing postural instability. Physical treatment regimens, based on the Cawthorne-Cooksey exercises used for peripheral vestibular disorders, and visually guided balance training, need to be explored, as well as general measures to maintain physical fitness in the at-risk population, although in one study physical exercise did not appear to improve postural sway performance'". Ultimately, the discovery of specific therapies depends on whether any well-defined pathology is found, but in the meantime there is plenty of scope to investigate
